As a subset of epilepsy, nocturnal seizures amplify one of the major problems of epilepsy in general: episodes are less likely to be directly witnessed than daytime seizures, and therefore diagnosis and characterization are more difficult. As a sleep problem, nocturnal seizures are not benign, and the resulting sleep disruption can cause daytime somnolence and concentration difficulty. This article outlines three major topics in nocturnal seizures: differential diagnosis (distinguishing between seizures and parasomnias), the effects of nocturnal seizures on sleep structure, and specific syndromes of primarily or exclusively nocturnal seizures.
Sleep and epilepsy have a complicated interrelationship that is discussed more fully in another section of the review of sleep and epilepsy. Within this area, nocturnal seizures are a distinct subset of epilepsy. Three aspects of this topic are of primary importance to clinicians. First, nocturnal seizures are rarely witnessed, and therefore a complete description is often lacking. This can cause confusion with other paroxysmal events, primarily parasomnias. Second, nocturnal seizures profoundly disrupt sleep structure, with consequent effects on daytime functioning of patients. Finally, there are many syndromes where the restriction of seizures primarily or exclusively to sleep has important ramifications for diagnosis, treatment, or both.
DIFFERENTIAL DIAGNOSIS OF NOCTURNAL SEIZURES
There are a large number of normal and abnormal sleep phenomena that can be confused with seizures. These phenomena almost always occur at night, so that the beginning of even dramatic episodes is unwitnessed, and patients frequently have little or no recall of the events. Three general classes of events will be discussed: normal sleep phenomena, insomnias (including sleep apnea), and parasomnias. The latter are divided into those that are more commonly associated with non-rapid eye movement (REM) and REM sleep (Tables 1 and 2 ).
Normal Sleep Phenomena
Most aspects of normal sleep are easily distinguished from epilepsy. ''Sleep starts'' occur in nearly all people at one time or another, and consist of a sudden, typically synchronous extension of one or more limbs and sometimes the trunk. They occur while falling asleep and are occasionally associated with a brief dream image, such as that of falling. Sleep starts can be exacerbated by sleep deprivation or by excessive use of stimulant medications, including caffeine. Only rarely would these be confused with seizures, perhaps when they are unusually violent or frequent.
''Sleep drunkenness'' consists of prolonged confusion when awakening, usually from the deeper non-REM stages of sleep. There can be complex behaviors without conscious awareness. 1 Patients (typically children) may arise from bed, stumble while walking, have slurred or incomprehensible speech, and have no memory of the event. The occurrence of sleep drunkenness is increased by factors that deepen sleep (such as sleep deprivation and hypnotic medication) or disturb sleep (as in sleep apnea). 2 Potential confusion with seizures occurs because the awakening may be unwitnessed and the subsequent, transient confusion is consistent with a complex partial seizure or postictal state.
Insomnia and Idiopathic Daytime Somnolence
Insomnia and excessive daytime sleepiness are extremely common phenomena. According to a survey by the National Sleep Foundation in 2001, 7% of Americans have drowsiness sufficient to interfere with normal activities on a daily basis, and another 14% experience this at least several times a week. 3 Drowsiness can have serious health consequences as well; 1% of respondents in this same poll reported having automobile accidents because of falling asleep while driving. Sleep disorders are often not reported to physicians and are typically not a part of a routine evaluation.
The symptoms of sleepiness are not often confused with epilepsy. They are, however, so pervasive that some unusual presentations can be confused with seizures. Rare patients report that they have lost a period of time, or suddenly find themselves in bed or on a sofa not knowing how they have gotten there. If the events are unwitnessed it may be impossible to distinguish an epileptic seizure from a so-called ''sleep attack,'' except through videoelectroencephalographic (EEG) monitoring. 
PLMS, RLS
PLMS, periodic limb movements of sleep; RLS, restless legs syndrome. 
Sleep Apnea
Obstructive sleep apnea is arguably the most important sleep disorder in terms of morbidity and mortality. Prevalence varies widely depending on sampling technique and definition but is probably at least 3%. 4 Obstructive sleep apnea is characterized by repetitive episodes of complete or partial airway obstruction and is accompanied by symptoms of either excessive daytime sleepiness or insomnia. The usual symptoms of sleep apnea are not easily confused with epilepsy. Severe hypersomnolence, however, can result in sleep attacks with apparent sudden loss of consciousness. In some individuals, sleep apnea can provoke epileptic seizures or be the primary reason for intractability of epilepsy. 5, 6 In these cases, seizures are probably triggered by hypoxia during apneic episodes, possibly associated with cardiac dysrhythmias, and seizures will be primarily or exclusively nocturnal. Obstructive sleep apnea is particularly important as it is frequently overlooked in epilepsy patients, and appropriate treatment can result in resolution of seizures.
Disorders Predominantly Associated with non-REM Sleep SLEEP TERRORS
Sleep terrors (also referred to as pavor nocturnus or incubus attacks) predominantly occur in children. They usually resolve by adolescence; in adults they can be a manifestation of psychopathology such as severe emotional stress 7 or can be triggered by medication (sedativehypnotics, stimulants, neuroleptics), alcohol, or sleep deprivation. Typically, the patient will suddenly sit up and scream. He or she will be inconsolable and may be very confused. A parent or onlooker who hears the cry and finds the patient confused may then give a history compatible with a nocturnal seizure. The patient is usually amnestic for the episode, adding to potential confusion with seizures. Episodes can be precipitated by agents that increase deeper non-REM sleep and by sleep deprivation. Sleep terrors can usually be distinguished from seizures by their exclusive occurrence in sleep combined with the characteristic dream imagery, predominant fear, and rapid recovery. Abnormal movements, prolonged confusion, drooling, and tongue biting are suspicious for seizure.
SOMNAMBULISM, SOMNILOQUY, AND SLEEP ENURESIS
Sleepwalking (somnambulism), somniloquy (sleep talking), and sleep enuresis (bed-wetting) are also very common in childhood and rare in adults. Somnambulism consists of leaving the bed and performing complex activities, such as walking, without memory for the event. It begins during slow wave sleep and is of various duration and complexity. Sometimes the patient can be agitated during the episode. The prevalence in children is between 1 and 17%, with the peak incidence at age 12.
In adults the prevalence is lower but somnambulism remains relatively common (up to 2.5%). 8, 9 Somniloquy can occur in non-REM or REM sleep. It is very common (particularly in children), benign, and should be easily distinguished from nocturnal seizures. Unlike seizures, speech during somniloquy is random (although may be slurred and nonsensical); ictal speech tends to be stereotyped in a given individual. With somniloquy there should be no abnormal movements, drooling, tongue biting, or incontinence. No treatment is required.
Sleep enuresis can occur in non-REM or REM sleep, although the former is probably more common. The cause remains unknown although genetic, behavioral, and psychological factors have been suggested. 10 As these episodes are typically unwitnessed, atypical characteristics suggestive of seizure, including nocturnal injury, tongue or lip biting, or morning muscle soreness, warrant neurological evaluation and probably video-EEG monitoring to rule out unrecognized seizures.
PERIODIC LIMB MOVEMENTS AND RESTLESS LEGS SYNDROME
Periodic limb movements and restless legs syndrome are both relatively common conditions. The incidence of restless legs syndrome is between 2.5 and 15%. 11, 12 Periodic limb movements occur in $ 5% of young adults; however, the prevalence may be as high as 44% in patients over age 64. [13] [14] [15] [16] They often occur together and have many characteristics in common, thus are discussed together.
Periodic limb movements consist of repetitive cycles of rhythmic movement, usually occurring in one or both legs but sometimes involving the arms. Patients are unaware of the movements but may report frequent awakenings. The history from a bed partner may be of jerking movements in sleep, therefore potentially resulting in confusion with epilepsy. On closer questioning, however, the movements are not clonic, are typically limited to a single limb, and occur many times during the night at regular intervals. Most commonly, they occur in clusters every 5 to 90 seconds with each movement lasting 0.5 to 5 seconds. 17 Restless legs syndrome is usually characterized by an itching or burning sensation in the legs that occurs when the patient is relaxed, particularly when trying to go to sleep. This is followed by movement of the legs with relief of the sensation. The movement can be suppressed voluntarily; however, typically the urge to move becomes overwhelming. Many patients need to actually walk to stop the sensation. As opposed to periodic limb movements, restless legs syndrome becomes manifest during wakefulness or drowsiness as opposed to sleep. Similar to periodic limb movements, however, a description of irresistible shaking of the legs could be confused with epilepsy; a major difference is that restless legs syndrome can be suppressed voluntarily while an epileptic seizure cannot be suppressed.
Disorders Predominantly Associated with REM Sleep NIGHTMARES
Nightmares consist of frightening dreams that often awaken the patient from sleep and can be accompanied by agitation. Unlike non-REM phenomena like sleep terrors, there is usually no limb thrashing or ambulation. A history usually identifies these as benign events; however, if specific dream imagery is not recalled, a history of sudden fear followed by confusion might be mistaken for nocturnal seizures.
NARCOLEPSY AND ISOLATED HYPNIC HALLUCINATIONS, SLEEP PARALYSIS, AND CATAPLEXY
Narcolepsy is a complex disorder in which various sleep phenomena associated with REM sleep invade normal wakefulness. It is defined as a clinical tetrad that includes excessive daytime sleepiness, cataplexy, hypnagogic hallucinations, and sleep paralysis. Only 10 to 15% of patients, however, experience all symptoms. 18 All have excessive daytime somnolence, and associated cataplexy occurs in $ 70%, hypnagogic hallucinations in 30%, and sleep paralysis in 25%. The individual symptoms can all be confused with epilepsy, including somnolence that can result in sleep attacks. All can also occur as isolated symptoms, without a diagnosis of narcolepsy. Narcolepsy is a relatively unusual disorder; incidence is $ 0.05% in Caucasians but may be higher in other populations. 19 Excessive daytime sleepiness is required for the diagnosis of narcolepsy; however, this symptom is unlikely to be mistaken for epilepsy, although some patients report an irresistible sleepiness culminating in a ''sleep attack'' where sleep onset can occur while talking, driving, or walking. Cataplexy is generally more disturbing to the patient and can be mistaken for epilepsy. These episodes consist of sudden loss of muscle tone (most commonly in the face or knees) with preserved consciousness. This can result in falling and paralysis but more often is limited to buckling of the knees or slurring of speech. Brief twitching of facial or limb muscles can occur and, when rhythmic, add to potential confusion with epilepsy. Cataplectic attacks classically occur in the setting of strong emotion, most commonly laughter 20, 21 but also anger, fear, surprise, or excitement. 19 The association with external emotion can aid in the distinction from epileptic seizures.
Sleep paralysis consists of the inability to move or speak with onset during the process of falling asleep (or, less commonly, upon awakening). It typically lasts less than 10 minutes, although it can persist for up to half an hour. Hypnogogic (or hypnopompic) hallucinations also occur while falling asleep (or waking up). The content can be simple (a brief image of a face) or complex (an entire scene occurring in the room) and is usually visual although auditory, somatosensory, vestibular, and olfactory hallucinations also can occur. The sensation is incorporated into the waking background, and the patient is fully aware during the episode.
Cataplexy, hypnagogic hallucinations, and sleep paralysis can occur in the absence of narcolepsy, and in these cases are more likely to be mistaken for epilepsy. Episodes of cataplexy are reported in up to 29% of young adults. 22, 23 Sleep paralysis is quite common, occurring in up to 60% of normal subjects, [19] [20] [21] [22] [23] [24] although the prevalence of repetitive episodes is probably $ 5%. 25 Hypnogogic and hypnopompic hallucinations occur in up to 19% of normal subjects 26 ; these are also unlikely to be repetitive when benign. Sleep deprivation may increase the likelihood of these phenomena.
REM BEHAVIOR DISORDER
REM behavior disorder was described relatively recently, in the 1980s. 27, 28 It is characterized by agitated, sometimes violent movements occurring during REM sleep. Kicking, punching, jumping, and running from the bed are commonly seen. Injury is also common and can occur to either the patient or the bed partner. Patients will typically report that a dream sequence occurs during the episode. Most patients are male, and the majority are over age 60 years. 29, 30 About half of patients have known neurological disorders, most commonly Parkinson's disease, dementia, or multisystem atrophy. 29, 31 Physiologically, the disorder consists of absence of normal atonia and increased phasic and tonic electromyogram activity during REM sleep; these can be documented on routine polysomnography with chin and axial electromyography.
The history of bizarre, semipurposeful behavior with confusion may be impossible to distinguish from seizures or postictal behavior. Unlike most partial seizures, REM behavior disorder will be restricted to sleep and usually occur in the early morning when REM is most prevalent. The memory of a dream sequence, if present, is helpful in distinguishing the two. If in question, diagnosis is readily made with video-EEG monitoring, ideally with simultaneous examination of polysomnographic parameters.
Approach to the Differential Diagnosis of Sleep Disorders and Epilepsy
As with nearly all cases involving epilepsy, a careful history is by far the most important part of making a diagnosis. Both seizures and parasomnias can be paroxysmal, and in many cases have similar clinical semiology (Tables 1 and 2 ). Those most commonly confused with epilepsy are cataplexy, sleep attacks (especially related to narcolepsy), night terrors, and REM behavior disorder. Episodes that occur only during sleep should raise the suspicion of a sleep disorder, although cataplexy and sleep attacks occur with the patient awake. Additionally, many patients with sleep disorders have excessive daytime somnolence, and daytime attacks can occur during naps. Conversely, there are many epilepsy syndromes where attacks occur predominantly or exclusively during sleep (such as benign Rolandic and nocturnal frontal lobe epilepsies, discussed below). Excessive daytime somnolence is suggestive of an underlying sleep disorder, particularly narcolepsy but also restless legs syndrome, sleep apnea, and periodic limb movements. This can be helpful in diagnosis; however, frequent nocturnal seizures will also disrupt sleep and result in similar symptoms.
SEIZURES AND SLEEP

Effects of Nocturnal Seizures on Sleep
Intuitively, any nocturnal seizure has the potential to disrupt sleep structure. Most will cause at least a brief awakening, and normal sleep is unlikely during a postictal state. It may seem that such disruption could be relatively minor, but actually even brief seizures can result in prolonged alterations in sleep structure. Many studies have shown improvement in sleep with treatment of nocturnal seizures. [32] [33] [34] In particular, most have shown improvement in sleep efficiency, decreased arousals, and increases in REM sleep, although it is sometimes difficult to distinguish effects of anticonvulsants from effects of seizures. Importantly, patients with partial seizures have been shown to have relatively normal sleep on seizure-free nights except for slightly decreased sleep efficiency with temporal lobe epilepsy. 35 The effects of individual temporal lobe seizures were determined through an investigation of patients in an epilepsy monitoring unit who were recorded with polysomnography under baseline conditions (seizurefree) and following complex partial or secondarily generalized seizures. 36 With daytime seizures, there was a significant decrease in REM the following night (12% versus 18% for baseline) without significant changes in other sleep stages or in sleep efficiency. When seizures occurred at night, this decrease in REM was more pronounced (7% versus 16%) and there were increases in stage 1 and decreases in sleep efficiency. These effects were even more pronounced when seizures occurred early in the night. Similar results have been found by other investigators, particularly for generalized seizures. 37 Therefore, seizures can have a profound effect on sleep, lasting much longer than the apparent postictal period. This helps to explain a commonly seen clinical phenomenon: patients who have only nocturnal seizures report difficulty concentrating or even total inability to work on the days following a seizure.
Effect of Sleep, Sleep Deprivation, and Sleep Disruption on the Occurrence of Seizures
The amount of baseline rhythmicity occurring in the brain differs considerably between the states of sleep and wakefulness. It is therefore not surprising that various seizure types begin preferentially in sleep as opposed to wakefulness or in specific stages of sleep. Crespel and colleagues 35 examined the occurrence of frontal and temporal lobe seizures in 30 patients, using 5 days of continuous video-EEG monitoring. Sixty-one percent of frontal seizures began during sleep compared with only 11% of temporal lobe seizures. In a larger study, Bazil and colleagues 38 retrospectively studied over a thousand seizures in 188 consecutive patients to look at patterns of onset in relationship to sleep. A similar prospective study was performed later and restricted to patients with partial seizures. 39 Both of these studies showed that, overall, 20% of seizures occurred during sleep. Frontal lobe seizures began during sleep more often than temporal lobe seizures, a finding that has been appreciated clinically. Both studies also showed that temporal lobe seizures were more likely to secondarily generalize when beginning during sleep but frontal lobe seizures were not. This intriguing finding suggests differences in the pathways of spread in partial epilepsy, which could have implications for treatment if better understood. Seizures that occur only during sleep may represent an important, distinct class as these have a particularly good prognosis. 40, 41 One of the most interesting and robust findings across many studies is the relative protection of REM against the occurrence of focal seizures. Several studies in epilepsy patients suggest that seizures are rare during REM. In one study mentioned above, 39 an analysis of 613 seizures in 133 patients showed that seizures begin commonly during the lighter stages of non-REM sleep but are rare during slow-wave sleep and none beginning during REM were recorded (Fig. 1) . It is not clear how the REM state could inhibit the occurrence of seizures. Electrophysiologically, cerebral activity during REM most closely resembles wakefulness or light sleep; however, the above studies show that seizures occur less frequently during REM than either of these states. It may be that relative hypersynchrony present during non-REM sleep may facilitate the onset and/or spread of certain partial seizures. This is an important area for future research, as understanding the mechanism whereby REM sleep inhibits seizure onset and propagation could lead to novel treatments for intractable epilepsy.
NOCTURNAL SEIZURES/BAZIL
Sleep deprivation has long been thought to increase the risk of seizures, which is clinically readily apparent in a few syndromes such as juvenile myoclonic epilepsy. However, a controlled study of patients with refractory partial epilepsy failed to show an effect of sleep deprivation. 42 Seventeen patients were sleep deprived on alternate nights, and 13 received 8 hours of sleep per night. There was no difference in the number of seizures or time to first seizure. This brings into question the common practice of sleep deprivation in epilepsy monitoring units. Sleep deprivation probably does increase the risk of seizures in most patients in the outpatient setting, particularly when chronic. This can be due to sleep disorders (as described above) or from outside influences like poor sleep hygiene, or can be voluntary: patients simply restrict themselves to an inadequate sleep time because of time constraints on other aspects of their lives. Any of these influences can result in increased seizures, further disrupting the already limited sleep time. A cycle of sleep disruption and intractable epilepsy can result, and seizures will not be controlled until the sleep disruption is also resolved.
Finally, certain circadian rhythms may influence seizures independently of sleep. An experimental model with rats with limbic epilepsy and humans with medial temporal seizures have increased seizures during daylight, an effect not seen with human extratemporal seizures. 43 This is likely independent of sleep, of course, because rats are primarily nocturnal and humans diurnal. Humans with intractable temporal lobe epilepsy show abnormal secretion of melatonin, a sleep-related hormone with a characteristic circadian pattern. 44 Exogenous melatonin has been shown to help control seizures in a few small studies, 45, 46 raising the possibility that it may be useful in the treatment of some patients.
Syndromes of Nocturnal Seizures
Although most seizure types have the potential to occur during sleep, some have a particularly strong association. These include juvenile myoclonic and awakening grand mal, benign Rolandic, electrical status epilepticus of sleep, and the Landau-Kleffner syndrome (LKS). Certain partial seizures also have a relationship to sleep, particularly frontal onset seizures.
Awakening grand mal epilepsy and juvenile myoclonic epilepsy are often considered together with respect to sleep. Both potentially include multiple seizure types (absence, myoclonic, and generalized tonic-clonic). In both, seizures tend to occur in early morning hours shortly after awakening, although some patients have a second peak of occurrence in the early evening. 47 Myoclonic seizures can be subtle and overlooked for years as simple clumsiness but can be considerably debilitating. Patients may be exceedingly sensitive to sleep deprivation and alcohol consumption, with seizures sometimes virtually inevitable under these conditions. In a few cases strict adherence to sleep hygiene can virtually eliminate the occurrence of seizures. Most patients are fully controlled on medication, but the condition tends to persist throughout life and treatment must be continued even after the patient has been seizure free for many years. 47, 48 Benign Rolandic epilepsy, also known as benign epilepsy with centrotemporal spikes, is a syndrome that typically begins in childhood and invariably remits in adolescence. It is characterized by seizures consisting of unilateral clonic jerking, often involving the face, and hypersalivation. Patients are often fully awake during the seizures. Seizures are predominantly nocturnal in all cases and exclusively begin during sleep in about half. 49, 50 The EEG shows characteristic spikes maximal in the central and temporal regions bilaterally and increasing dramatically during non-REM sleep.
LKS is a condition of acquired aphasia, frequently (but not always) with epileptic seizures and a markedly epileptiform EEG, particularly in sleep. Seizures are seen in $ 70% of patients but are typically easily controlled with medication. 51 O'Regan and colleagues 52 studied 25 children with an acquired disorder of communication and seizures but not strictly meeting criteria for the LKS. EEGs were uniformly epileptiform and usually (16/25) worsening with sleep. Most were considered to have a receptive aphasia. Language deficits have been hypothesized to result from the persistent epileptic discharges, as evidenced by hypometabolism on single-photon emission-computed tomography. 52 Electrical status epilepticus during sleep is similar to LKS in age of onset and EEG findings. Both conditions demonstrate a normal EEG background during wakefulness, with generalized spike-wave discharges or sometimes focal epileptiform activity. However, in electrical status epilepticus during sleep, discharges during sleep are generalized while in LKS activity is more temporally located. In electrical status epilepticus during sleep, epileptiform activity becomes virtually continuous during non-REM sleep such that is may be impossible to distinguish sleep stages. REM sleep remains relatively preserved. 53 Partial seizures tend to occur in both sleep and wakefulness, although the relative distribution varies according to site of onset. Clinically, an influence of sleep is widely accepted for frontal onset partial seizures. Three studies in patients with epilepsy support that frontal lobe seizures have been shown to occur more frequently during sleep compared with temporal lobe seizures. 35, 38, 39 In a review of 100 consecutive cases of nocturnal frontal lobe epilepsy, 54 28% occurred in stage 3 to stage 4 sleep and only 3% during REM. Clear epileptiform abnormalities on routine EEG occurred in less than half of patients. Forty-two patients showed a clear ictal discharge on polysomnography. Autosomaldominant nocturnal frontal lobe epilepsy, a specific subtype of frontal lobe epilepsy, is characterized by enuresis, sudden awakenings with dystonic or dyskinetic movements, complex behavior, and violent behavior in sleep. 55 Most patients showed ictal or rhythmic activity over the frontal region. Autosomal-dominant inheritance with reduced penetrance is seen. As discussed in the section on the effects of sleep on seizures, sleep can also affect the likelihood of secondary generalization in certain subtypes of partial seizures.
CONCLUSIONS
Nocturnal seizures are an important subset of epilepsy. When seizures continue to occur, even if only during sleep, they can still result in morbidity due to disruption of normal sleep structure. Occurrence of seizures in relation to the sleep-wake cycle has important diagnostic implications in several syndromes. Perhaps more importantly, understanding of the regulatory aspects certain sleep stages have on sleep could help the understanding of the factors influencing seizure onset and, thereby, direct novel treatments for epilepsy.
